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Introduction
Despite widespread beliefs on the incompatibility of market incentives and sustainable development, a number of recent case studies illustrate that inter-industry recycling linkages have spontaneously developed in Europe and North America in recent decades. Most prominent among these cases of "industrial symbiosis"
1 is the Danish industrial town of Kalundborg [1, 2] , but similar processes have been observed in, among other places, Austria, Germany, Finland, and various American and European petro-chemical complexes [3, 4, 5, 6] . These recycling networks are widely deemed the spontaneous result of several distinct, bilateral deals between company employees who sought to reduce waste treatment and disposal costs, to gain access to cheaper materials and energy, and to generate income from production residues. As Korhonen et al. [7, p. 179] point out in their recent review of the literature, "The emergence of industrial ecosystemtype development has been natural or spontaneous development. In other words, such diverse regional networks seem to self-organize rather than arise out of a specific planning process."
Despite the self-organizing nature of these linkages, a number of scholars, policy writers and development officials have suggested that public planning could actually foster greater levels of industrial symbiosis. For instance, when discussing Kalundborg, best-selling author Paul
Hawken writes, "Imagine what a team of designers could come up with if they were to start from scratch, locating and specifying industries and factories that had potentially synergistic and symbiotic relationships" [8, p.63] . A similar case is also made by architects Sim Van Der Ryn and Stuart Cowen [9] in their best seller Ecological Design. As van Leeuwen and his collaborators put it, "While the Danish example has grown "organically", further diffusion of the phenomenon of eco-industrial parks will probably require deliberate strategies by local policy makers" [10, p.149] . On a larger scale, Robert Ayres suggested that the decentralized "pure" market system, such that each activity (firm) interacts with the others only by competitive buying and selling, does not optimise the use of by-products and secondary resources at the system level and that only "long-term central planning and coordination authority at the same level" will overcome this market failure [11, p.24] . The result of such thinking has been that, in Andrews'
1 In this paper, the terms "industrial symbiosis" and recycling linkages are used interchangeably.
[12, p.369] words, in the "name of industrial ecology, some agencies are attempting, Gosplanlike, to account for flows of materials and energy through the local, regional, or national economy." 2 The appeal of central planning, whether at the national or local level, has proven extremely strong for more than a century. However, the worldwide implosion of centrally planned economies over the last fifteen years, their dismal environmental track record [14] and the past misapplication of systems approach in the public policy arena [15] do raise some questions about the potential effectiveness of a top-down approach to sustainability. The case on behalf of central or local planning of industrial symbiosis becomes even more problematic when one considers that such an approach was actually tried in Eastern Europe and proved to be a complete failure.
To be sure, not all proposals to plan eco-industrial parks or other forms of industrial symbiosis involve full-scale public planning. Yet, in our opinion, the lessons learned from the failure of central planning considerably weaken the case on behalf of current pro-active approaches on the part of public officials.
The purpose of this paper is twofold. The first is to illustrate that industrial symbiosis proved much more widespread and successful in market economies than in centrally planned ones by comparing the very different cases of Victorian England and communist Hungary. The second is to suggest a theoretical explanation for this outcome that is derived from the so-called "Austrian"
critique of central planning and to draw some policy implications for current policy making.
2 Of course, as Andrews points out, many industrial ecologists are not advocating central planning but are rather attempting "to introduce into the public discourse new information on environmentally significant flows (such as toxic materials and fossil fuels) in the hope of influencing many decentralized individual decision makers." This point is also made in more detail by Cohen-Rosenthal [13] in his discussion of "self-organizing vs. engineered systems."
Markets, Central Planning and Industrial Symbiosis

Industrial Symbiosis in Laissez Faire Victorian England
3
Though not a textbook example of a "pure" market economy, Victorian England is usually recognized as the era when the laissez faire doctrine enjoyed greater respectability and where markets were among the freest in human history [18] . As such, it probably provides as good a case study as any to look at the propensity of market economies to spontaneously generate (or not) industrial recycling networks. As it turns out, many Victorian commentators whose perspective spanned the ideological spectrum documented, or at least alluded to, the widespread spontaneous formation of industrial recycling networks.
While he deplored like many of his contemporaries the inability of entrepreneurs and public officials to create wealth out of human sewage, English resident Karl Marx observed in the third volume of his Capital (published posthumously by Friedrich Engels in 1894) that "the capitalist mode of production extends the utilisation of the excretions of production and consumption" and The fact that industrial waste reuse was deemed widespread by a large number of Victorian writers can probably be traced back to no small extent to the work of the journalist Peter Lund
Simmonds (1814-1897). Although now largely forgotten, Simmonds was a prolific author on technical and commercial topics. 4 Beginning with the preparations leading to the Great The first edition, published with much delay in 1862, covered the topic up to the early 1850s.
The revised version, first published in 1873, covered the two following decades.
Perhaps the most interesting aspect of Simmonds' 420 page compendium is that he already feared in 1862 that "the general subject treated of in this volume… is too extensive in its scope to be discussed successfully in detail here, since any one branch would of itself form a useful and interesting volume" [23, p.v] . This statement is even more remarkable in light of the fact that the first edition of Waste Products covers in 35 chapters topics ranging from cotton by-products to the waste of fisheries and "waste mineral substances."
Simmonds made clear in his writings that the recovery of industrial waste products was becoming generalized during his lifetime. He thus observed in the first edition of his book, "In every manufacturing process there is more or less waste of the raw material, which it is the province of others following after the original manufacturer to collect and utilize. This is done now, more or less, in almost every manufacture, but especially in the principal ones of the Our aim is now to utilise all things to the utmost possible extent. The uses to which they are turned are not always stale, flat, or unprofitable. We now produce valuable articles from what a few years ago was thrown away as nuisance. Once the raw material gets into the clutches of the manufacturer, it is tortured by a score of processes to yield up all its virtues. This system extends throughout all our modern actions in domestic and rural economy, and in our commercial undertakings…
Nothing comes amiss to our ingenuity. We consume our smoke, write and print on the remnants of our ragged shirts, and triumph over decomposition and stenches. Utilisation is the great law of Nature, and we are only following her teaching. Few among the minor tendencies of industries are more worthy of note than that shown in the utilization of waste materials. As competition becomes sharper, manufacturers have to look more closely to those items which may make the slight difference between profit and loss, and convert useless products into those possessed of commercial value [25, p.4].
Simmonds also observed that new technologies were essential in creating resources from byproducts and therefore wrote, "One of the greatest benefits that Science can confer on man is the rendering useful those substances which being the refuse of manufactures are either got rid of at great expense, or when allowed to decompose produce disease and death" [24, p.5] .
Furthermore, "a large number of such are now used in various ways which were formerly regarded as offal, and cast away, but many others still exist inviting the ingenuity of men of science to find for them useful applications" [25, p.3].
While Simmonds' work illustrates the extent to which by-product reuse among different industries was widespread in his time, it does not imply, of course, that Victorian firms were more efficient or cleaner than current operations whose foundations are built on more than a century of subsequent innovations, or that the British environment was healthier a century ago than it is today. Nevertheless, it provides compelling evidence that industrial symbiosis was a widespread phenomenon in one of the most market-oriented economies in human history. As will now be illustrated, however, conscious policies to promote industrial symbiosis proved disastrous in later decades in centrally planned economies.
Planning Industrial Symbiosis: The Case of Post-War Hungary
While many authors praised the incentive structure of market economies for ensuring that industrial resource recovery was practiced on a large scale, the late 19 th century saw the emergence of a new intellectual perspective that indicted markets for their inherent wastefulness.
The roots of this perspective can be traced to the evolution of socialist thinking during this period. The first champions of socialism had depicted their ideal society as small self-contained egalitarian communities, frequently dubbed "islands of socialism," but they were hard pressed to answer the classical economists' criticism that living in less productive autarky would tend to create islands of misery in a capitalist world and that it was very unlikely that many people would be attracted by such prospects. In trying to answer this critique, socialist intellectuals increasingly turned toward the idea that the accumulation of knowledge and the application of scientific methods through central planning could bring anarchic social processes under conscious control for the general good. Economic welfare would thus be maximized when a technocratic elite would be given control in a way that would insulate it from traditional market signals of profits and loss. Central planning, it was thought, would lead to production for use instead of profits, which would in turn rationalize production, eliminate waste, increase productivity, and end the struggles between rich and poor. What was needed was therefore worldwide central planning, or at any rate central planning on as large a scale as possible. These notions were relayed, refined and applied by numerous economists, industrial engineers, "scientific management" consultants and conservationists [26, 27, 28, 29] .
While many authors belonging to this line of thought wrote extensively on "wasteful production," relatively few had much to say on industrial by-product recovery. Indeed, the notion of "waste" used by these authors typically referred to, among other things, the waste that allegedly occurred in industrial plants as a result of the failure of their management to implement the principles of scientific management, the unnecessary duplication of productive units, the production of unnecessary goods, the great diversity of production methods, minor variations in finished goods in the same industry, seasonal layoffs, labour-management disputes, business guesswork resulting from bad government statistics, legal costs resulting from an inefficient judicial system and the large discrepancy between supply and demand in the uncoordinated marketplace.
Two books that were part of this literature but that dealt somewhat more significantly with (actual or potential) industrial by-products are the British engineering professor Henry J.
Spooner's 1918 Wealth from Waste [30] and, to a lesser extent, the American journalist and popular writer Stuart Chase's 1925 The Tragedy of Waste [31] . Spooner devoted about 40 pages out of his 300-page book to by-product recovery, although his writing consists mostly of unreferenced anecdotes and a general plea for more scientifically organized research efforts in this respect. According to his analysis:
The marked success attending the spasmodic and sporadic attempts that have been and are being made to collect waste articles is a sure indication of the enormous amount of wealth awaiting organised collection and treatment. The municipalities have it in their power to render great services to the State by organising a complete system, including house-to-house calls by voluntary women helpers. But nothing of real importance is likely to be done on an extensive scale until such schemes are organised throughout the country from some State department, such as the Local Government Board [30, p.21] .
Stuart Chase similarly identified a built-in "market failure" that precluded the widespread recovery of industrial waste, but that could be corrected through a more rational management of economic life.
Whenever material of any sort is burned down or thrown away, with it goes a certain number of chemical elements -oxygen, nitrogen, sulphur -in various chemical combinations, which may or may not be valuable, but which are always suspect until the chemist has reviewed them... It does not pay, of course, to save all -perhaps most -discarded material. But it pays more now than it did a generation ago, and the process is accelerating... The invariable question to be answered is whether the salvage is worth the cost of conversion. The trouble is that while no must often be the individual manufacturer's answer because he cannot finance large scale renovation, the answer of the whole community is often yes [31, p.261-2].
While public officials in Great Britain and the United States never embarked on a large scale central planning effort to close industrial loops, this idea was actually tried in the Eastern Bloc in the aftermath of the Second World War. One recent study by Hungarian-born sociologist Zsuzsa
Gille [14] thus describes in much detail how during state socialism (1948-1989) Hungarian planners tried to institute a production-centred, preventative approach to industrial wastes that presents striking similarities to proposals that have been made in recent years in the name of industrial ecology and ecological modernization. These policies, however, failed to live up to their promises and were abandoned in recent years with market liberalization.
In the 1950's, the main emphasis was put on waste reuse. This focus led, among other things, to the creation of an elaborate hierarchical input and output quotas system of waste registration, collection, distribution and reuse. As a result, between 1950 and 1959, 34 central regulations on the collection, storage, delivery and price of waste materials were issued. The first waste law obliged companies generating certain types of waste to collect and offer them for transfer to other firms in accordance with quotas. According to Gille: "Subsequent laws prescribed which wastes were to be delivered to which company, how to calculate the price of wastes, what to do with hitherto unregulated waste materials, and how much material reward could be given to those who collected wastes beyond the planned amount" [14, p.206] .
Waste also became a key issue around which the population was mobilized. The culmination of these campaigns was the Gazda movement, named after a metallurgical worker, Géza Gazda, who had invented a new way to reuse scrap metal. As Gille points out, however, these policies led to two unintended consequences. First, the reuse of waste materials required additional raw materials, energy and labor, which, along with most products, were all in short supply. As a result, collected wastes were often left rotting and rusting on factory yards. Second, reuse, even when it materialized, did not prevent recovered wastes from becoming trash because these early-recycled goods were in many cases not needed, and even chronic general shortages could not increase their appeal. According to Gille, "not only did the movement and waste policies fail to reuse wastes effectively, but they also strengthened the tendencies of the centrally planned economy towards wasteful production.... Furthermore, the waste quotas created an added incentive for workers and managers to produce with even higher waste ratios" [14, p.209] These unintended consequences were increasingly acknowledged and led to the revocation of the waste quotas by the end of the 1950s.
Bust of Géza Gazda by Lajos Petri (date unknown)
Source: Hungarian National Gallery and http://keptar.demasz.hu/keptar/english/p/petri/muvek/ The concept of waste as useful material nonetheless remained on the agenda of central planners in later years. According to Gille, from the mid-1970s, waste was increasingly seen as a cost of production and further policies, which are very similar to those that have been advocated in recent years in the name of sustainable development, were put in place with the aim of decreasing such cost. Among these were price increases for wastes, which made the collection of wastes more worthwhile, and a new opportunity for firms to calculate prices for recycled products as if they had used new raw materials for them. The reuse of waste also became the object of cost-benefit analyses. Funds were established to motivate firms to apply wasteconscious technologies and the state financed at least two-thirds of the costs of reuse facilities.
Parallel to this change in the concept of waste, the relationship between the enterprises and the state also went through a transformation. Instead of centrally calculated waste quotas, enterprises were now free to decide which wastes they wanted to reuse, sell, treat, or dump, and they were meant to be motivated by the above-mentioned financial incentives. It was also in the 1980's that
Hungarian waste policies first addressed waste problems as an issue of environmental pollution.
According to Gille, however, the "1981 Waste and Secondary Raw Material Management
Programme did not achieve its stated goal of substantially increasing the portion of secondary raw materials among industrial inputs" [14, p.213], although it did help in finding uses for potentially dangerous wastes. These policies were later abandoned with the fall of the Iron Curtain.
These contrasting outcomes in terms of industrial symbiosis raise a number of issues for current policy prescriptions. On the one hand, individuals and firms in the market economy of Victorian England seemingly proved successful at closing industrial loops without any "grand design" to this effect, while Hungarian central planners who openly attempted to achieve this goal were not.
How can we reconcile these facts? While it could be argued that Hungarian planners did not try hard enough or set the wrong quotas, this answer does not seem plausible in light of the general failure of central planning wherever and whenever it was tried. A more convincing answer can be found, at least implicitly, in the so-called "Austrian" critique of central planning.
The Austrian Critique of Central Planning and Industrial Symbiosis
The Austrian Critique of Central Planning
The Austrian critique of central planning launched and was further elaborated during the socialist calculation debate that raged in economic circles in the 1920s and 1930s. 6 On one side of the debate were economists either trained or influenced by the Austrian tradition that developed following the publication in 1871 of Viennese economist Carl Menger's (1840-1921) Grundsätze der Volkswirtschaftslehre (Principles of Economics). "Austrian economists", as they would later be called, believed that socialism and central planning could not improve upon the economic performance of a regime of private property and free markets. 7 On the other side were professional neoclassical economists who were critical of markets because of their perceived failures to achieve full employment, equitable income distributions and rational investment, and who wished to find some method of central planning that would duplicate the potential efficiency of free markets without suffering their shortcomings. By the mid-1940s, these neoclassical economists had come to argue that once the formal equations defining efficient equilibrium were in place, the allocation problem facing the central planner would be no different in principle from the one facing individual consumers: maximizing welfare by allocating the resources at hand on the basis of marginal equalities. Conventional opinion from then on held that the Austrians were wrong, that socialism was in fact possible and that central planning could be both more efficient and more equitable than the free-market. This perspective would be dominant for most of the next 40 years, until the disintegration of communism and the obvious economic failures of central planning required a re-evaluation and greater appreciation of Austrian arguments [35] . 6 The term "socialist" is rather vaguely defined today, but at the beginning of the 20 th century its meaning was fullfledged central planning. Thus while the writings of Austrian economists questioned the feasibility of socialism, most of the time in this paper I will refer to their critique of central planning. For a compendium of the most important essays and books in this debate, see Boettke [32] . For more detailed accounts of the Austrian critique of planning, see Boettke [33] and Vaughn [34] . 7 The Austrian school was originally divided into two strands. The first is sometimes referred to as "Austroliberalism," (in the classical or European sense of the word liberalism) whose tradition goes back to Carl Menger. At the beginning of the 1930s Ludwig von Mises, a member of the third generation of the school, was the undisputed (if only informal) leader of this group. The most prominent among the younger members were Friedrich August Hayek, Gottfried Haberler, and Fritz Machlup. The second and less coherent strand, which more closely followed the teachings of Friedrich Wieser, had a more reserved position towards free markets, in theory as in practice. Its best-known representative was Hans Mayer, and among the younger economists the most famous were Oskar Morgenstern, Alexander Gerschenkron, and Paul Rosenstein-Rodan. Today, the label "Austrian" is used almost exclusively to describe the heirs of the "Austroliberalism" tradition.
Before getting to the core of the Austrian critique of planning, a few words must be said on the foundations of this school of thought. 8 While it is sometimes regarded as the Austrian wing of the 1870s "marginalist" revolution in economics, the Austrian School had many characteristics which distanced it from the approaches of Stanley Jevons and Leon Walras that eventually gave rise to modern neo-classical economics. In time, Austrian economists came "to offer a reasoned description of human action, which is profoundly and constantly disequilibriating in the neoclassical lexicon, but which is continuously yielding to spontaneous order" [37, p.135].
Modern day Austrians, a small but still active community now mostly made up of American scholars, usually tend to view economics as the study of human action where humans are intentional beings who have purposes, who creatively apply means to bring desired goals into existence, and in the process discover various mutually beneficial transaction opportunities with their fellow humans that generate the network of relationships we call human society. Generally speaking, Austrian economists eschew the use of complex mathematical models in favor of a qualitative analysis of market processes where acting humans possess imperfect knowledge in a world of uncertainty. Most Austrians also believe that three basic methodological tenets should be adhered to: 1) methodological individualism; 2) methodological subjectivism; 3) theoretical attention should be on processes rather than equilibrium states.
In the Austrian perspective, planning is viewed as a universal fact of life that requires three elements that must somehow be solved: purpose, information and control. These "planning" actions can range from turning on a light switch to carrying out an entrepreneurial venture to getting a man to the moon and back. As Adelstein points out, "Though we often speak of While many other writers had raised the issues of incentives in a socialist system before the Austrians (often summarized by the quip "Who will take out the garbage in a socialist society?"), the Austrian critique went beyond the issues of incentives and the possibility of creating a new
Homo sovieticus that would work as well for the common good as he would do for his own benefit -although it did address those issues. 9 Instead, what the Austrians questioned was the ability of central planners to perform a rational allocation of scarce economic resources. In an article published in 1920 and in later writings, the economist Ludwig von Mises (1881 Mises ( -1973 argued that socialist planners -even if they were truly benevolent and wished only to help their subjects -could never achieve this goal because they had no rational basis for economic calculation [40, 41] . In Mises' perspective, the rationality or irrationality of a resource use is to be decided on the basis of a comparison between alternative uses of that resource. Fallible men acting in a changing world must therefore choose among a very large number of imaginable and possible methods of production and attempt to use any unit of input in a project that is more important than any other project in which it could also have been employed.
Mises raised the following question: What is the standard of comparison? In terms of which criterion can or should we compare investment alternatives? He pointed out that a market economy could use the profitability criterion because, however imperfect they may be, market prices provide some "aid to the human mind" for comparing inputs and outputs before processing alternatives because they reflect the relative urgency of human wants. For all investments, entrepreneurs and managers can estimate the selling proceeds as well as the cost expenditure in terms of money prices. They can then compare the ratios that spring from these estimates.
On the other hand, Mises argued, central planners were deprived of the very means of economic rationalism. To make his point clear, he granted the theoretical planners theoretical access to all the data about production that might be needed, except those that were generated by the market process. Mises pointed out that monetary calculation was simply out of the question, for money prices can only come into existence in market exchanges -and market exchanges presuppose the existence of at least two owners. Central planning, by definition, has only one owner of all means of production and therefore provides no means to calculate a profit rate for any investment project and to compare the profitability of different alternative investments. Far from overcoming the alleged "anarchy of production," central planning would actually produce more chaos than existed before its imposition. Boettke summarizes Mises' arguments in the following way: "In the world in which we live, economic decision-makers are confronted with an array of technologically feasible production projects, what economic calculation provides is a means to select from among these projects to assure that resources are employed in an economic manner.
Waste, as a result, will be minimized as decision errors are continually detected and corrected by the aid of profit and loss accounting" [32, p.32] It is also worth pointing out that Mises did not believe that some objective value could offer an alternative to the market discovery process as a guide to economic production. 11 True, Mises observed, economic calculation could be dispensed with in a stationary economic system, but a stationary economic system could never exist in a world inhabited by purposeful human beings where some individuals were unhappy with the status quo. As he put it: "It should be already Mises' main argument was supplemented in the 1930s by his protégé and future Nobel recipient, Friedrich A. Hayek (1899 Hayek ( -1992 , who argued that it is because of the necessary or inevitable ignorance of individuals that it is better to allow society to develop by spontaneous adjustment than to control it all by some central agency [42] . In short, a market economy would always be more effective than central planning because of its ability to use effectively the "tacit" knowledge of market participants through a decentralized process of learning by trial and error.
The key point Hayek made was that much of the knowledge necessary for running the economic system is not scientific or technical (i.e., explicit), but rather "tacit" knowledge, which he defined as the idiosyncratic, dispersed bits of understanding of "circumstances of time and place" that individual acquire through past experience, practice and mistake. Hayek argued that this tacit knowledge could never be communicated to a central authority. On the other hand, it was used along the way in a market economy through a "discovery procedure" as individuals pursued their own ends. The central economic problem facing society was therefore not, as commonly expressed in textbooks, the allocation of given resources among competing ends, but rather a problem of "the utilization of knowledge not given to anyone in its totality" [42, p.78 ].
For Hayek, the voluntary operations of a market system generate a "spontaneous order" that is "the product of human action but not human design" and produce overall benefits unintended and mostly unforeseen by those whose actions bring it about. In Hayek's view, the socialists erred in failing to see that the economy as a whole is necessarily a spontaneous order and can never be deliberately made over in the way that the operators of a planned order, such as a firm, can exercise control over their organization. This is because planned orders can handle only problems of strictly limited complexity. Spontaneous orders, by contrast, tend to evolve through a process of natural selection, and therefore do not need to be designed or even understood by a single mind. Industrial symbiosis, as it evolved historically in numerous market economies [16, 17] , would seem to fit neatly into Hayek's perspective. 12 
Policy Implications of the Austrian Critique of Central Planning
How relevant is a perspective that was shaped in a debate between polar cases of perfectly atomistic markets and comprehensive state planning -which have never existed in their 12 To my knowledge, neither Hayek nor any other Austrian ever addressed the issue of loop closing.
"perfect" form 13 -for current efforts to plan industrial symbiosis and eco-industrial parks in mixed economies? 14 While more empirical experimentation on the part of development officials and research into their projects might be needed before a definitive verdict can be reached, the Austrian critique of public planning offers some insights that do not bode well for the most comprehensive symbiosis planning efforts currently underway.
A first thing to keep in mind is that Austrians do not rule out central planning efforts by large organizations, otherwise they would be hard-pressed to explain the existence of large private firms with internal economies often comparable in monetary terms to those of small countries.
While the management practices of these firms might sometimes be remote from the textbook ideal of a central planner, it cannot be denied that their managers have obviously found ways to achieve the coordination and control needed to use efficiently the human and material resources at their disposal. What this implies in the context of industrial symbiosis is that much "loopclosing" is and will be carried on within the confines of a particular plant or between plants belonging to the same firm or conglomerate. For example, large firms involved in wood production often recover theirs sawmills' leftovers and use them as an energy source and as an important input for their paper-making operations [45, 46, 47, 48] . Similar loop-closing processes have been going on for quite some time in the petrochemical [1, 5, 49] and meat-packing [16] industries, among others. In such cases, the industrial ecology metaphor may perhaps distort the analytical framework of some analysts and policy makers, if only by leading them to believe that industrial processes have traditionally been more linear than they probably were.
Yet, the fact remains that in a modern economy each firm must continually strike a balance between buying and making various inputs. This is where Mises' point on the rational allocation of resources takes on special significance. Thus, in a dynamic and competitive market economy, the inputs and outputs of firms can be expected to change over time for both economic and technical reasons. For example, the rise in the price of a given input or the lowering of the production costs of substitutable products may affect the economic value of a particular kind of waste. Similarly, new technologies may make traditional waste/inputs obsolete or, to the contrary, provide new and more lucrative markets for them. Competitive pressures will also entice firm and plant managers to reduce their waste flows or find more productive uses for their waste. Firms that are not innovative in this respect will in time go out of business, while more innovative competitors will put their resources to more profitable uses. Political disturbances will also, from time to time, affect inputs and markets. Public planners whose efforts are targeted at recruiting companies to fill a perceived void can therefore never be assured that the demand for a particular type of waste will remain constant over time. Instead, change will remain the only constant.
Perhaps the main shortcoming of comprehensive planning efforts with regards to industrial symbiosis is, however, the narrow perspective it entails. In short, planners will inevitably tend to look at firms and plants as primarily waste producers and/or waste users. Yet, by-product flows are but one dimension of the general planning effort necessary to run effectively a firm or a plant. Typically, private sector planners must factor in many variables in the conduct of their operations, such as finding adequate labor, material, and energy supplies, proximity to markets, quality of life and amenities, business climate, capital availability and the need of frequent faceto-face interaction. By-products will only be crucial, at least in terms of location decisions, if they are the most important inputs of a firm. In this case there would be no need for public planners to lure a waste-producing or receiving firm in a particular location because economic incentives would be sufficiently important to justify search and location procedures on the part of the firm's employees themselves.
Hayek's "knowledge" argument is also enlightening on many counts. First, it reminds us of the fact that the type of knowledge that public planners and firm employees both possess and can discover will most likely be of a different nature. Thus the knowledge that most public planners can acquire is essentially a synthesis of what they learn from individuals working within firms about a very large set of by-products. They can then classify this information according to broad standard industrial classification schemes and look for possible matches by dwelling on the most well known uses of these by-products. In contrast, in a private firm, employees who have to deal with by-products will typically look at a much smaller set of waste products. In so doing, they can explore more reuse possibilities and contact a larger number of potential customers.
Kincaid's [50] by-products survey of producers located in and around North Carolina's Research
Triangle area is illustrative in this respect when she points out the following:
Another means of increasing creative thinking about by-products was to foster interaction with people from outside individual facilities. When the interviewers sat down to review the survey booklet with facility representatives, the discussion usually resulted in the identification of promising items to add to survey responses. When the interviewer was able to take a tour of the plant, yet more reusables were usually identified. The creative process was further boosted by discussions between two or more potential partners.
Kincaid went on to identify examples of brainstorming that resulted from such meetings where direct interaction between technologists lead to new potential ideas and to the discovery of overlooked possibilities. For instance, Two representatives from a tool manufacturing company visited an amino acids manufacturing plant to discuss a potential acids partnership. After they determined that an acids exchange might be feasible, the tool manufacturing company representatives asked, "What also do you have that we might be able to use?" This query resulted in a walk to where waste fiberboard drums were stored. These drums were lined with plastic bags, and they were originally packed with pouches of desiccant inside to keep the contents dry. The tool manufacturing representative thought his company might be able to use some of the drums, and the two men started enthusiastically brainstorming about who else might be able to use the plastic bags and desiccant pouches. The tool manufacturer suggested the Adopt-A-Highway program for the plastic bags and marinas for the desiccant [50, p.93 ].
Another aspect of Hayek's knowledge argument is that even within an industry, most individuals are likely to know only a particular aspect of the greater division of labor to which they belong. This is why historically economic development has always led to a greater and increasingly complex division of labor and to the rise of firms that specialized in wholesale or retail. Thus, while firms operating in niche markets can often specialize in both the production and the distribution of their goods, it is typically the case in extended markets that specialized firms emerged to distribute various kinds of goods and in the process developed a particular kind of expertise in gathering specific knowledge of market conditions and participants. This pattern was also predominant for by-products, as waste traders (dealers and brokers) in various commodities have played an important role in this respect for more than a century [51] . A prime example is the secondary metals industry, which has long thrived almost unnoticed. As an editorial from the trade publication American Metal Market put it almost 40 years ago, "Despite the fact that the secondary materials industries have been making a monumental contribution to the nation and its consumer-oriented economy, there are few among the public at large who realize it. They either aren't being told about the essential and beneficial role of the secondary materials industries, or they aren't told enough" [quoted in 52, p. 16] . This void in historical research has since been partly filled by Maher [51] In the end, the case on behalf of the public planning of industrial symbiosis rests on an insufficient appreciation of some basic features of market economies and typical pitfalls of central planning. On the one hand, it presupposes that in a market economy firms have more incentive to cover the costs of by-product disposal than to eliminate them at the source or find new markets for them. It also requires firms' employees to lack incentives or to be unable to gather as much useful information on loop closing possibilities as public planners. Both postulates are manifestly false, on logical as well as empirical grounds. Public planners must also ignore to a large extent the dynamic nature of a market economy and the constant changes that it brings in the allocation of inputs and outputs, including by-products. Finally, it is doubtful that the knowledge that planners can gather will ever be as extensive as the knowledge of people who are directly confronted with particular problems and therefore more likely to find or invent opportunities.
Another problematic feature of the case for central planning is that it almost invariably results from a propensity to transfer the idea of planning from the mostly closed system of an individual enterprise to the much more open system of an economy. As Andrews puts it, "An engineered system has a purpose, whereas a non-engineered system does not. One can optimize a system that has a purpose, whereas one can only influence other system types. People who have the engineering impulse will try to analyze and change any system they don't like, even if it was not originally an engineered system" [15, p.39] .
In this context, what should be the role of economic development officials and academics who would like to promote industrial symbiosis and a more efficient use of resources? Perhaps first and foremost to promote policies that will remove obstacles to industrial resource recovery, such as price-distorting subsidies that discourage recycling [55] and regulations that prevent the re-use of by-products [56, 57, 58, 59] , and by educating the public to the benefits of industrial symbiosis.
As such, more emphasis should probably be put on the development of institutions that would more effectively force firms to "internalize their externalities" while leaving them the necessary freedom to develop new and profitable uses for by-products. 15 
